Objective: To identify and to establish research priorities for pediatric intensive care (PIC) nursing science across Europe.
INTRODUCTION
Despite an increasing number of studies to establish critical care research priorities internationally no studies have explored research priorities in PIC nursing within Europe [1] [2] [3] .
Research priorities are not static, but change according to cultural ideologies, local challenges, and political and economic resources of individual communities. The European Society of Pediatric and Neonatal Intensive Care (ESPNIC) aims to promote the art and science of pediatric and neonatal intensive care and to develop evidence based clinical practice [4] . In view of expanding its scientific activities, the society established sections to support these activities in 2012. The nursing science section was established and one of its aims was to establish the nursing research agenda within Europe. The current problem within European PIC nursing is that although there are a number of active research groups [5] [6] [7] , there are no formal collaborative links or any known consensus of research priorities to allow further development of PIC nursing science across Europe. Therefore it is imperative that the PIC nursing research priorities within Europe are defined. Without understanding the most important problems affecting pediatric critical care nursing, research efforts may be uncoordinated and directed in areas that are not of highest priority. Therefore it is imperative to establish the PIC nursing research priorities within Europe.
To increase the likelihood that research impacts on nursing practice, the importance of involving key stakeholders in the identification process is crucial. The aim of this study was to identify and to prioritise nursing research topics of importance as defined by European pediatric intensive care nurses.
MATERIALS AND METHODS
A modified three round e-Delphi technique was undertaken. An e-Delphi approach is defined as the use of the modified Delphi technique via an electronic/web based medium [8] . Within healthcare research the Delphi technique is often used to set priorities or to gain consensus about important issues [9] [10] . It is a multi-staged survey allowing consulting a large number of experts without bringing them physically together. Using consecutive surveys, it is possible to collect, evaluate, and tabulate the experts' opinions. The characteristics of the Delphi technique are based on anonymity, iteration, controlled feedback, and statistical group response [11] . The surveys protect the anonymity and iteration takes place by presenting the discussed issues over a certain number of rounds. Controlled feedback and statistical group response take place in between rounds by informing individual experts about the opinions of the total expert group. The e-Delphi technique is performed via email or online web surveys [8] . The e-Delphi process used in this study is outlined in Figure 1 . The three rounds were completed within 5 months, from the first of July to the first of December 2012. Institutional review board approval was received from University Medical Centre Utrecht (protocol number 12/147), signed consent forms from participants were not required.
Participants
The participants were clinical pediatric intensive care nurses, managers, educators and researchers from all European countries. The aim was to generate a mixture of nursing roles and to have eight nurses per country (two clinical nurses, two education nurses, two nurse managers and two research nurses). The inclusion criteria included being a nurse currently working in pediatric intensive care unit or in an intensive care unit that cared for children, who identified themselves as being primarily a pediatric intensive care nurse and having an email address. Exclusion criteria were nurses who indicated they were neonatal or adult intensive care nurses exclusively. There are no universally agreed criteria for minimum or maximum number of experts in a Delphi method, but other similar Delphi studies [1] used eight per country, thus we took a pragmatic decision to include two nurses (if possible) from four different PIC nursing roles (clinical, education, management and research) in each country to achieve our aim. Contact details for participants were obtained through the ESPNIC registry and through personal contacts. Individuals were informed about the voluntary nature of the study and the need for participation in all three electronic survey rounds. Informed consent was assumed by completing the surveys. Personal data (email addresses, name, age and job title) was kept on a secure password protected database (Excel) accessible only to LNT and JML and identifiable data on this database was deleted after study completion. Participants were informed about the need for their name for each round to determine response rates and link findings to nursing roles and countries. To maximise response rates and reduce attrition between rounds, the 90 nurses who agreed to participate received the questionnaire of all three rounds and three reminders were sent for each round. If we received more than 8 responses per country, we agreed we would use all the respondents, as we did not want to exclude motivated participants who had already been contacted by the country lead.
Questionnaires
The questionnaires for the e-Delphi rounds were developed in a three step process (Fig 1) . The first e-Delphi round was an electronic questionnaire inviting participants to list a minimum of three and maximum of five important topics for PIC nursing research. Based on the results of round one, a structured electronic questionnaire was developed with statements and domains.
In round two, participants ranked these statements and domains on a 6-point scale (1 is not important to 6 is extremely important). The same questionnaire was used for round three but included mean scores of the group response of round two per statement and domain. All surveys were forward translated only by a lead person in all countries.
SurveyMonkey™ Gold version was used to administer the questionnaires to the study participants.
Analysis
Results of round one were content analysed by two researchers independently (LNT and JML).
Statements were categorised into thematic areas (termed domains) according to the content but also the number of suggestions using an analysis framework [12] Creswell 2003] JML and LNT undertook the content analysis separately, and then met to discuss and agree these domains.
We reached agreement over these domains by discussion and these were then checked for validity by two researchers independently (AvdH and JMW) [13] . Any disagreement was discussed and agreement reached through discussion. In terms of any conflict of interest, although both authors' (LNT and JML) research fits within these broad domains, these domains were established from the responses of participants and neither researcher's specific research is represented within the research statements. Furthermore, these domains and statements, along with the quantitative data responses were sent to the two independent researchers (AvH and JW) of this to ensure validity of these generated items.
This analysis generated a list of research statements and domains for round two. The mean and standard deviations (SD) were calculated of the round two responses and the total mean scores were added to the round three questionnaire. Participants were asked re-rate the statements again taking the group scores into account. In the round three analyses, the importance of the statements was ranked by means and SD with effect size examined by Cohen's d (standardised mean difference) between round two and three. For Cohen's d, the effect size interpretation is as follows: 0.2 small effect, 0.5 medium effect and >0.8 large effect [14] . The paired t test was applied to calculate difference between round two and round three (significance level set at ≤ 0.05 and two tailed tests were used). The ranking of importance of the statements was defined by the highest mean and the smallest standard deviation. Normally distributed variables are presented using the mean and SD. Differences between the five different nursing roles (clinical, education, research, management, advanced practice) multiple groups were tested using one way ANOVA as the data were normally distributed . The data analysis was undertaken both in Microsoft Excel and IBM SPSS version 20 by LNT and JML.
Respondents were categorised for analysis by European region using the definition in the ETHICUS study [15] .
RESULTS
The e-Delphi study started by inviting 169 PIC nurses across Europe. Of these, 90 nurses agreed to participate and completed round one. The response rates of consecutive rounds were: round two 69/90 (77%) and round three: 64/90 (71%). The respondents were pediatric intensive care clinical nurses, managers, educators and researchers from 20 European countries (Table 1) . A variance was observed in the number of nurses and roles per country as some countries had no education or research nurses. In two countries, Italy and UK, more than eight nurses started in round one. The national lead contact often provided names of more than 8 nurses per country. Although we did randomly select 8 nurses (by role/unit variation) we did over recruit to 10-12, as we found that in most countries this only generated 8 responses, however in two countries (UK and Italy) we got more than 8 responses. The characteristics of the respondents remained similar over the three rounds (Table 2 ). There were a small percentage of nurses who worked within adult intensive care units, but whom cared for children and identified themselves as primarily pediatric intensive care nurses. This reflects the way the PIC services are delivered across some European countries and thus we included these nurses.
There were 357 suggestions for research topics provided by 90 nurses in round one and content analysis produced 47 research statements in nine research domains. Some research statements did fit into different domains, however if there were a large number of statements related to one topic area (eg pain and sedation) then we agreed this was important to make this a domain of its own. Of the 47 statements, they ranged from the lowest mean score of 3.91 (SD 1.70) to 5.40 (SD 1.01) in both rounds ( The mean scores did not change significantly between round two and three (Table 3 supplemental digital content), the effect size (Cohen's d) was not greater than 0.32.
In round three, seven statements achieved a mean score of ≥5.0. These related to end of life care, communication and decision making around forgoing and sustaining treatment, interventions to reduce pain, education and competencies, reducing healthcare associated infections, nurse staffing levels and implementing evidence based practice ( Table 4 ). The top 20 research statements are presented in Table 4 . There was little difference in the ranking of round 3 domains between different nursing roles, except the domain pain and sedation. In this domain advanced practice nurses (n=3) rated this lowest, mean score 3.0, and research nurses (n=9) rated it highest, mean score 5.8 (p=0.008). When each of the research statements within this domain were examined, the three statements related to sedation (sedation assessment, sedation strategies and delirium scales) were the statements ranked highly by the research nurses (respectively p=0.001; p=0.006, p=0.000).There were no statistically significant differences between the three European regions in the ranking of the research domains (Table   5) . The detailed statements and their priority listing of our study might motivate these nurse researchers to continue their work and provide in-depth information for future research. Our findings with regard to the significantly higher ranking of pain and sedation (specifically sedation) by the research/science nurses may in fact reflect a just small number of the participant's interests in this field. To maximise the efficiency and effectiveness of the PIC nursing research, it might be advocated to establish more links with other PIC centres and collaboratively work on several areas of PIC nursing to increase the body of knowledge on a scientific level. Therefore, the development of European PIC nursing research priorities may facilitate the process of clinical research and assist in developing an agenda for PIC nursing research. Some, however, have argued that Delphi studies identifying research priorities have had little or no impact on actual outputs in these areas, thus need to only be undertaken within the context of their intended use [28] . The setting of research priorities is however widely advocated for assisting researchers and aligning funding with European evidence needs [8] . Our study was undertaken in conjunction with the society of ESPNIC and within this, the nurse science section. The results of this study are intended to drive the nursing research agenda of this society, producing a future roadmap for this section [29] . As with all research priority studies however, these results reflect the social, political and economic culture of the European healthcare environment in 2012 and may change. Future research should examine patient and parent's perspectives on research priorities.
This study has limitations that warrant acknowledgement. There were a variable number of nurses per country and some European countries were not represented, whereas others were over-represented. Every effort was made to have a convenience sample representing all European countries. In comparison, an adult critical care Delphi study only managed to cover 20 European countries [1] . This was, despite the involvement of the European federation of Critical Care Nursing association (EfCCNa), a network of 25 national critical care societies. In our study, we had to rely on individual members as ESPNIC does not yet have established a network of societies. A bias within this study is also that, given the variation in how pediatric and neonatal intensive care is delivered within Europe, some PICUs are combined with neonatal intensive care. Therefore there may be some 'contamination' of the PIC nursing study participants with that of neonatal intensive care nurses. However, where possible, nurses identifying themselves as only 'neonatal' nurses were excluded in this survey. A further limitation was that this study only consulted PIC nurses about their research priorities and did not consult services users (parents or older children who had experience of PIC). The strength of the study lies in the electronic nature of the study. This enabled rapid responses and faster data analysis and reduced the costs. Others have recently reported the benefits of e-Delphi studies [8] .
Additionally, the local translations of the survey meant that it did not restrict it to only Englishspeaking nurses, which has been a limitation of other studies [1] . Our lack of back translation for round one may also be a limitation, however any unclear statements were sent back to the country lead for clarification. A final limitation was that when comparing differences between nursing roles, the groups were not equal in number and many countries did not have research/science nurses and this may have introduced bias into the findings.
CONCLUSIONS
Delphi studies focussing on establishing research priorities are a useful way to initiate research programs. This was a key driver for the ESPNIC nurse science section. Nine PIC nursing priority research domains were identified. The results of this study allow nurse researchers within Europe to establish and review their PIC nursing research agenda. This will encourage collaborative initiatives for nursing research, as well defining the research topics that should be financially supported. With the increasing importance of empowering children and parents in healthcare decisions, further research should investigate the perspectives of children and parents in research priorities. 
